A control design technique is developed to actively suppress the acoustic power radiated from a structure, with negligible fluid loading, that is persistently excited by narrow-band or broadband disturbances. The problem is constrained by the assumption that the far-field pressure cannot be measured directly. A method for estimating the total radiated power from measurements on the structure is developed. Using this estimate as a cost function and assuming knowledge of the spectrum of the disturbance, a controller is designed using the linear-quadratic-Gaussian (LQG) theory to minimize the cost. Computer simulations of a clamped-clamped beam show that there is a significant difference in the total radiated power between a system with a vibration-suppression controller and a system with an acoustic controller that accounts for the coupling of these vibrations to the surrounding fluid. In some cases, the acoustic controller increases the system vibration in order to minimize the radiated power.
INTRODUCTION
Much of the work in the area of active structural acoustic control (ASAC) has involved the use offeedforward control for the suppression of harmonic disturbances.
•'2 In practice, the controller is often implemented by an adaptive algorithm and requires almost no modeling of the structure.
The successful extension of this work to broadband disturbances, however, is model based and requires accurate modeling of the structure over the disturbance bandwidth. 3
In this paper we take a different approach and consider a nonadaptive, model-based, feedback approach to ASAC that can reduce the radiation due to persistent broadband disturbances as well as that due to transients arising from short duration excitations. Model-based ASAC has also been considered by Meirovitch and Thangjitham, 4'5 but their approach is based on vibration control of harmonic disturbances, where the disturbance can be measured, and the vibration cost function is tuned during the design process to reduce the observed far-field pressure. The contribution of this paper is to formulate the acoustic suppression problem for persistent broadband disturbances as a standard linear-quadratic-Gaussian (LQG) problem that can be solved by modern control methods. Computer simulations of a baffled, clamped-clamped beam example show that there is a significant difference in the total radiated power between a system with a vibration-suppression controller and a system with an acoustic controller that accounts for the coupling of these vibrations to the surrounding fluid. In some cases, the acoustic controller increases the system vibration in order to minimize the radiated power.
I. ESTIMATING TOTAL RADIATED POWER
We assume that the structural motion can be accurately modeled by a first-order ordinary differential equation of the form •v = A w + Bu + Ld, where w•_R 2•v is the state of the system, u•_R m is a vector of actuator inputs, and d•_R p is the disturbance input, which will be assumed to be a wide sense stationary (WSS) random process. Such a model implicitly assumes that we have decomposed the structure spatially using a set of spatial functions, q>i (x).The spatial functions may be modes, finite elements, or any other convenient functions. In our examples, standard modal models are used. We assume that the state space coordinates are chosen such that the velocity of the structure at location x and time t is given by The pressure is a WSS random process since it is the output of a linear system with a WSS input. Anticipating Sec. II, where we will be interested in obtaining an optimal control that is independent of the particular sample function of the disturbance process, we consider the expected value of the The beam is mounted in a baffle and we are concerned with suppressing radiation into a half-space. Thus the integral in (2) will be restricted to a half-space rather than the whole space. For simplicity, it will be assumed that the structure can be accurately modeled by using the first three modes. 10 ] ................................ 
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The results of this computation are shown in Table IV. The   TABLE III acoustic controller provides 10 dB more suppression than the vibration controller. If the control effort is penalized less, the acoustically controlled system can suppress the radiation by at most 17 dB, as shown in Table V , while the vibrationcontrolled system does not give increased suppression of radiated power. Plots of the time responses of the three systems to sample inputs are given in Fig. 6(a)-(c) . It can be seen that the acoustic controller excites mode three more than the vibration controller, as would be expected from the narrowband results. Since mode three is out of phase with mode one, this reduces the acoustic radiation by reducing the volumetric displacement of the overall vibration.
The comparison between acoustic and vibration controllers for disturbances with different passbands is shown in Table V . Control effort is penalized by p -l e-12. As the bandwidth of the disturbance gets broader, the acoustic controller provides less of an advantage over the vibration controller. As can be seen from Fig. 1 , for frequencies higher than 1000 rad/s the modes begin to radiate independently and the goals of vibration suppression and acoustic suppression become identical.
The control design method that has been discussed is not limited to a single actuator. The performance resulting from an added actuator placed at 0.25 m along the beam is shown in Fig. 7 for the 50-rad/s disturbance bandwidth example considered previously (p-l e-12). Compared to the single actuator result, the notch in the disturbance passband is not only deeper, but the spike due to the third mode is eliminated since it is now possible to control modes 1 and 3 independently.
D. Simplifying the radiation filters
The order of the system used to fit the M(o) data was 24. This resulted in a 12th-order radiation filter, which means that the order of the acoustic controller was 12 higher than that of the vibration controller. For the low-frequency case, it seems reasonable to model only the low frequency 10 • ....................................... 
IV. CONCLUSIONS
In this paper we have developed a method for estimating the total radiated power. By using this estimate as a cost function for an optimal control problem, the acoustic suppression problem for persistent disturbances can be cast as a standard linear-quadratic-Gaussian problem and an optimal feedback controller can be computed to minimize the radiated power. This methodology was applied to a simple example and it was shown that the acoustic controller significant- 
